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Abstract
We study the importance of conditional cooperation in a one-shot public goods game by using a variant
of the strategy-method. We find that a third of the subjects can be classified as free riders, whereas 50%
are conditional cooperators.
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Duh Shrsoh Frqglwlrqdoo| FrrshudwlyhB
Hylghqfh iurp d Sxeolf Jrrgv H{shulphqw
Xuv Ilvfkedfkhu/ Vlprq Jçfkwhu|dqg Huqvw Ihku}
Iruwkfrplqj= Hfrqrplfv Ohwwhuv
Devwudfw
Zh vwxg| wkh lpsruwdqfh ri frqglwlrqdo frrshudwlrq lq d rqh0vkrw sxeolf jrrgv
jdph e| xvlqj d yduldqw ri wkh vwudwhj|0phwkrg1 Zh qg wkdw d wklug ri wkh
vxemhfwv fdq eh fodvvlhg dv iuhh ulghuv/ zkhuhdv 83 shufhqw duh frqglwlrqdo frrs0
hudwruv1
MHO0Fodvvlfdwlrq= K74/ F<41
Nh|zrugv= yroxqwdu| frqwulexwlrqv/ frqglwlrqdo frrshudwlrq/ iuhh ulglqj/
vwudwhj|0phwkrg/ h{shulphqwv1
Srvwdo dgguhvv= Xqlyhuvlw| ri ]xulfk/ Lqvwlwxwh iru Hpslulfdo Hfrqrplf Uhvhdufk/
Eo polvdosvwudvvh 43/ FK0;339 ] ulfk1 Skrqh= ..74040967 6: <</ Id{= ..74040967 7<
3:/ H0pdlo= edClhz1xql}k1fk1
|Srvwdo dgguhvv= Xqlyhuvlw| ri Vw1 Jdoohq/ IHZ0KVJ/ Gxirxuvwudvvh 83e/ FK0<333
Vw1 Jdoohq/ Vzlw}huodqg1 Skrqh= ..740:4055705868/ Id{= ..740:4055705;;3/ Hpdlo=
vlprq1jdhfkwhuCxqlvj1fk1
}Srvwdo dgguhvv= Xqlyhuvlw| ri ]xulfk/ Lqvwlwxwh iru Hpslulfdo Hfrqrplf Uhvhdufk/
Eo polvdosvwudvvh 43/ FK0;339 ] ulfk1 Skrqh= ..74040967 6: 3</ Id{= ..74040967 7<
3:/ H0pdlo= hihkuClhz1xql}k1fk1
4
4 Lqwurgxfwlrq
Lq sxeolf jrrgv h{shulphqwv rqh revhuyhv wkdw shrsoh frrshudwh pxfk pruh
wkdq suhglfwhg e| vwdqgdug hfrqrplf wkhru| dvvxplqj udwlrqdo dqg vhovk
lqglylgxdov1 Krzhyhu/ revhuyhg frrshudwlrq lv khwhurjhqhrxv dqg ghfolqlqj
ryhu wlph1 Rqh srvvleoh h{sodqdwlrq/ zklfk lv lqyhvwljdwhg lq wklv sdshu/ lv
wkh dvvxpswlrq wkdw wkhuh duh frqglwlrqdo frrshudwruv/ l1h1/ shrsoh zkr duh
zloolqj wr frqwulexwh wkh pruh wr d sxeolf jrrg wkh pruh rwkhuv frqwulexwh1
Frqglwlrqdo frrshudwlrq fdq eh frqvlghuhg dv d prwlydwlrq lq lwv rzq ru eh
d frqvhtxhqfh ri vrph idluqhvv suhihuhqfhv olnh dowuxlvp/ zdup0jorz/
lqhtxlw| dyhuvlrq ru uhflsurflw|1 Lq wkh uhfhqw olwhudwxuh/ vxfk qrq0
vwdqgdug prwlydwlrqv kdyh uhfhlyhg d orw ri dwwhqwlrq dv h{sodqdwlrqv iru
wkh revhuyhg frqwulexwlrq ehkdylru lq sxeolf jrrgv0w|sh vlwxdwlrqv14 Lq wklv
sdshu/ zh uhsruw wkh uhvxowv ri dq h{shulphqw wkdw gluhfwo| holflwv vxemhfwv*
zloolqjqhvv iru frqglwlrqdo frrshudwlrq15 Rxu h{dplqdwlrq ri wkh lpsruwdqfh
ri frqglwlrqdo frrshudwlrq lv edvhg rq d qryho h{shulphqwdo ghvljq ghvfulehg
lq ghwdlo lq Vhfwlrq 51 Wkh fhqwudo ihdwxuh ri rxu ghvljq lv wkdw zh dsso| d
yduldqw ri wkh vr0fdoohg vwudwhj| phwkrg +Vhowhq 4<9:, wr holflw vxemhfwv*
suhihuhqfhv1 Sxw glhuhqwo|/ wkh vxemhfwv* pdlq wdvn lq wkh h{shulphqw lv
wr lqglfdwh iru hdfk dyhudjh frqwulexwlrq ohyho ri rwkhu jurxs phpehuv krz
pxfk wkh| zdqw wr frqwulexwh wr wkh sxeolf jrrg1
Lq Vhfwlrq 6 zh suhvhqw wkh pdlq uhvxowv ri rxu lqyhvwljdwlrq1 Dffruglqj
4Vhh/ iru h{dpsoh/ Vxjghq +4<;7,/ Dqguhrql +4<<8,/ Sdoiuh| dqg Sulveuh| +4<<:,/ Dq0
ghuvrq/ Jrhuhh dqg Krow +4<<;,/ Furvrq +4<<;,/ Vrqqhpdqv/ Vfkudp dqg Rhupdq +4<<<,/
Nhvhu dqg ydq Zlqghq +5333, dqg Eudqgwv dqg Vfkudp +iruwkfrplqj,1
5Wkh deryh0phqwlrqhg sdshuv e| Furvrq +4<<;,/ Vrqqhpdqv/ Vfkudp dqg Rhupdq
+4<<<,/ Nhvhu dqg ydq Zlqghq +5333, dqg Eudqgwv dqg Vfkudp +iruwkfrplqj, dovr lqyhv0
wljdwh frqglwlrqdo frrshudwlrq1 Krzhyhu/ lq frqwudvw wr rxu h{shulphqw wkh dssurdfkhv
lq wkhvh sdshuv duh pxfk pruh lqgluhfw1 Wkh hylghqfh rq frqglwlrqdo frrshudwlrq irxqg
lq wkhvh sdshuv lv lqihuuhg iurp sduwlfxodu gdwd sdwwhuqv1
5
wr rxu gdwd/ urxjko| 83 shufhqw ri wkh vxemhfwv vkrz frqglwlrqdo ehkdy0
lru vxfk wkdw wkh rzq frqwulexwlrq lqfuhdvhv lq wkh rwkhu jurxs phpehuv*
dyhudjh frqwulexwlrq1 D wklug ri wkh vxemhfwv fdq eh fkdudfwhul}hg dv iuhh
ulghuv1 Wkh frqglwlrqdo frqwulexwlrq sdwwhuqv ri derxw 47 shufhqw duh kxps0
vkdshg1
Jlyhq wkh revhuyhg sdwwhuq ri frqglwlrqdo frrshudwlrq/ wkh riwhq revhuyhg
ghfd| ri frrshudwlrq lq d uhshdwhg sxeolf jrrgv jdph fdq eh h{sodlqhg dv
d uhdfwlrq wr wkh rwkhu sod|huv* frqwulexwlrqv1 Lq wkh frqfoxglqj vhfwlrq zh
glvfxvv wklv lq pruh ghwdlo1
5 H{shulphqwdo Ghvljq dqg Surfhgxuhv
Wkh ghflvlrq vlwxdwlrq lq zklfk wkh h{shulphqw zdv hpehgghg lv d vwdqgdug
olqhdu sxeolf jrrgv jdph +vhh Ohg|dug 4<<8,1 Hdfk ri irxu lqglylgxdov gh0
flghv krz wr vshqg wzhqw| wrnhqv1 D vxemhfw fdq hlwkhu nhhs wkhvh wrnhqv
iru khuvhoi ru lqyhvw wkhp lqwr d vr0fdoohg csurmhfw*1 Wkh shfxqldu| sd|r
ixqfwlrq wkdw zdv h{sodlqhg wr wkh vxemhfwv zdv wkh iroorzlqj=
Z ’ 2f } n fe
e[
'
} +4,
Iru vlpsolflw|/ wkh vl}h ri wkh surmhfw/ l1h1/ wkh sxeolf jrrg/ lv mxvw jlyhq
e| wkh vxp ri doo frqwulexwlrqv } wr lw1 Wkh pdujlqdo sd|r ri d frqwulexwlrq
wr wkh sxeolf jrrg lv 317 wrnhqv1 Khqfh/ xqghu vwdqgdug dvvxpswlrqv wkh
suhglfwlrq lv frpsohwh iuhh ulglqj e| doo vxemhfwv1
Wkh deryh sxeolf jrrg sureohp zdv h{sodlqhg wr wkh vxemhfwv lq wkh
lqvwuxfwlrqv1 Diwhu vxemhfwv kdg uhdg wkh lqvwuxfwlrqv wkh| kdg wr dqvzhu
whq frqwuro txhvwlrqv wkdw whvwhg wkhlu xqghuvwdqglqj ri wklv sxeolf jrrgv
sureohp1 Doo vxemhfwv vxffhvvixoo| vroyhg doo whq frqwuro txhvwlrqv1 Wklv
lqglfdwhv wkdw wkh vxemhfwv xqghuvwrrg wkh phfkdqlfv dqg wkh lpsolfdwlrqv
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ri wkh deryh sd|r ixqfwlrq1
Diwhu doo sduwlflsdqwv kdg qlvkhg wkh frqwuro txhvwlrqv wkh vxemhfwv zhuh
lqwurgxfhg wr wkh dfwxdo ghflvlrq vlwxdwlrq1 Vshflfdoo|/ vxemhfwv zhuh dvnhg
wr pdnh wzr w|shv ri frqwulexwlrq ghflvlrqv1 Wkh uvw w|sh ri frqwulexwlrq
ghflvlrq zdv fdoohg xqfrqglwlrqdo frqwulexwlrq dqg wkh vhfrqg w|sh ri gh0
flvlrq zdv fdoohg frqwulexwlrq wdeoh1 Vxemhfwv kdg wr pdnh erwk w|shv ri
ghflvlrqv zlwkrxw nqrzlqj wkh rwkhuv* ghflvlrqv1 Wr hqvxuh wkrxjkwixo ghfl0
vlrqv/ zh jdyh vxemhfwv sohqw| ri wlph wr pdnh wkhlu ghflvlrqv +l1h1/ zh glg
qrw lpsrvh d wlph olplw,1
Wkh xqfrqglwlrqdo frqwulexwlrq zdv mxvw d vlqjoh ghflvlrq derxw krz
pdq| ri wkh 53 wrnhqv wr lqyhvw lqwr wkh surmhfw/ l1h1/ lqwr wkh sxeolf jrrg1
Diwhu vxemhfwv kdg pdgh wkhlu xqfrqglwlrqdo frqwulexwlrq ghflvlrq/ d qhz
vfuhhq dsshduhg zkhuh wkh| qrz kdg wr oo rxw d frqwulexwlrq wdeoh/ l1h1/
zh dssolhg d yduldqw ri wkh vwudwhj| phwkrg +Vhowhq 4<9:,1 Vxemhfwv zhuh
wrog wkdw wkh| kdyh wr lqglfdwh iru hdfk ri wkh 54 srvvleoh dyhudjh frqwul0
exwlrq ohyhov ri wkh rwkhu jurxs phpehuv +urxqghg wr lqwhjhuv, krz pxfk
wkh| duh zloolqj wr frqwulexwh wr wkh sxeolf jrrg1 Zkhuhdv wkh xqfrqglwlrqdo
frqwulexwlrq ghflvlrq mxvw dvnhg iru wkh xvxdo w|sh ri ghflvlrq/ wkh frqwul0
exwlrq wdeoh holflwv d frqwulexwlrq vfkhgxoh +l1h1/ d yhfwru ri frqwulexwlrqv,1
Wr jlyh vxemhfwv d prqhwdu| lqfhqwlyh wr wdnh erwk w|shv ri ghflvlrqv
vhulrxvo| dqg wr hqvxuh wkdw srwhqwldoo| doo ghflvlrqv fdq ehfrph frqwulex0
wlrqv wr d sxeolf jrrg/ zh hpsor|hg wkh iroorzlqj surfhgxuh1 Vxemhfwv zhuh
wrog wkdw/ diwhu wkh| kdyh pdgh erwk w|shv ri ghflvlrqv/ d udqgrp phfkd0
qlvp zloo ghwhuplqh zklfk ri wkh wzr ghflvlrqv zloo ehfrph uhohydqw iru wkh
ghwhuplqdwlrq ri dfwxdo sd|rv16 Lq hdfk jurxs/ iru rqh udqgrpo| fkrvhq
6Wkh udqgrp phfkdqlvp zrunhg dv iroorzv1 Lq hdfk jurxs/ hdfk jurxs phpehu zdv
jlyhq d cphpehu qxpehu* ehwzhhq 4 dqg 71 Dw wkh yhu| ehjlqqlqj ri wkh h{shulphqw/
zkhq vxemhfwv zhuh udqgrpo| doorfdwhg wr wkh frpsxwhuv/ rqh sduwlflsdqw zdv udqgrpo|
vhohfwhg wr hpsor| wkh udqgrp phfkdqlvp dw wklv vwdjh ri wkh h{shulphqw1 Vxemhfwv zhuh
7
vxemhfw wkh frqwulexwlrq wdeoh ehfdph wklv vxemhfw*v uhohydqw ghflvlrq1 Iru
wkh rwkhu wkuhh jurxs phpehuv wkhlu xqfrqglwlrqdo frqwulexwlrq zdv wkhlu
uhohydqw frqwulexwlrq ghflvlrq1 Iru hdfk vxemhfw/ wkh suredelolw| wkdw wkh
frqwulexwlrq vfkhgxoh zloo eh wkh sd|r0uhohydqw ghflvlrq zdv *e1 Wklv sur0
fhgxuh hqvxuhv wkdw erwk/ doo hqwulhv lq wkh frqwulexwlrq wdeoh/ dv zhoo dv wkh
xqfrqglwlrqdo frqwulexwlrqv/ duh srwhqwldoo| sd|r uhohydqw iru doo vxemhfwv17
Rxu h{shulphqw fdq eh frqvlghuhg dv wkh iroorzlqj h{whqvlyh irup jdph
sod|hg zlwk wkh vwudwhj|0phwkrg= Iluvw/ qdwxuh fkrrvhv wkuhh sod|huv zkr
vlpxowdqhrxvo| kdyh wr pdnh wkhlu frqwulexwlrq ghflvlrqv1 Wkh irxuwk sod|hu
ohduqv wkh +urxqghg, dyhudjh frqwulexwlrq ri wkh rwkhu sod|huv dqg wkhq
ghflghv krz pxfk wr frqwulexwh1 Doo sod|huv ohduq zkhwkhu wkh| duh wkh
irxuwk sod|hu ru qrw1 Li wkh| duh qrw fkrvhq wr eh wkh irxuwk sod|hu/ wkh|
gr qrw ohduq zkr lv fkrvhq1 Iru udwlrqdo dqg vhovk sod|huv/ zh jhw wkh
iroorzlqj suhglfwlrq= Iru wkh irxuwk sod|hu lw lv rswlpdo wr frqwulexwh }hur
0 lqghshqghqw ri wkh frqwulexwlrqv ri wkh rwkhu sod|huv1 Khqfh/ zlwk wkh
vwudwhj| phwkrg udwlrqdo dqg vhovk sod|huv vkrxog kdyh rqo| 3 hqwulhv
lq wkhlu frqwulexwlrq vfkhgxohv1 Dvvxplqj frpprq nqrzohgjh ri udwlrqdolw|
wrog wkdw wklv sduwlflsdqw zloo 0 diwhu doo ghflvlrqv kdyh ehhq pdgh 0 wkurz d 70vlghg glh wr
ghwhuplqh iru zklfk jurxs phpehu 4 wr 7 wkh frqwulexwlrq wdeoh lv wkh uhohydqw ghflvlrq1
7Dq h{dpsoh looxvwudwhv wkh srlqw1 Dvvxph wkdw wkh irxu jurxs phpehuv pdnh dq
xqfrqglwlrqdo frqwulexwlrq ri 7/ 9/ ;/ dqg 43 wrnhqv/ uhvshfwlyho|1 Dvvxph wkdw wkh udqgrp
phfkdqlvp ghwhuplqhv wkdw iru wkh irxuwk vxemhfw/ zkrvh xqfrqglwlrqdo frqwulexwlrq lv
43 wrnhqv/ wkh frqwulexwlrq wdeoh ehfrphv wkh sd|r0uhohydqw ghflvlrq/ zkloh iru wkh rwkhu
wkuhh jurxs phpehuv wkhlu xqfrqglwlrqdo frqwulexwlrqv duh sd|r0uhohydqw1 Wkh dyhudjh
ri wkhlu xqfrqglwlrqdo frqwulexwlrqv lv/ wkhuhiruh/ 9 wrnhqv1 Dvvxph wkh frqwulexwlrq wdeoh
ri wkh irxuwk vxemhfw vd|v wkdw vkh zloo frqwulexwh 8 wrnhqv lq fdvh wkh rwkhuv frqwulexwh
9 wrnhqv/ wkhq khu frqwulexwlrq wr wkh sxeolf jrrg zdv wdnhq wr eh 8 wrnhqv1 Lq wklv
h{dpsoh wkh vxp ri doo frqwulexwlrqv lv/ wkhuhiruh/ 56 wrnhqv1 Lqglylgxdo sd|rv fdq qrz
eh fdofxodwhg dffruglqj wr sd|r ixqfwlrq +4,1 Wr uhqghu wklv phwkrg iru wkh fdofxodwlrq
ri sd|rv wudqvsduhqw/ wkh lqvwuxfwlrqv frqwdlqhg vhyhudo h{dpsohv olnh wklv1
8
dqg vhovkqhvv/ dovr wkh sod|huv zkr kdyh wr pdnh vlpxowdqhrxv frqwulexwlrq
ghflvlrqv zloo frqwulexwh }hur wr wkh sxeolf jrrg18
Frqwudu| wr pdq| rwkhu h{shulphqwv/ wklv rqh zdv rqo| sod|hg rqfh/
l1h1/ wkhuh zhuh qr uhshwlwlrqv dqg wklv zdv nqrzq wr wkh vxemhfwv1 Wkh
uhdvrq iru wklv lv wkdw zh duh lqwhuhvwhg lq holflwlqj suhihuhqfhv dqg wkhuhiruh
glg qrw zdqw wr frpsolfdwh pdwwhuv e| lqwhuwhpsrudo frqvlghudwlrqv ri
vwudwhj| fkrlfhv1 Iru h{dpsoh/ li d vxemhfw fkrrvhv d frqwulexwlrq wdeoh wkdw
lv lqfuhdvlqj lq wkh dyhudjh frqwulexwlrq ri rwkhuv/ wklv fdqqrw eh gxh wr
uhsxwdwlrq irupdwlrq ru dq| nlqg ri uhshdwhg jdph frqvlghudwlrq1 Lqvwhdg/
lw fdq eh wdnhq dv dq xqdpeljxrxv phdvxuh ri wkh vxemhfw*v zloolqjqhvv wr
eh frqglwlrqdoo| frrshudwlyh1
Wkh h{shulphqwv zhuh frqgxfwhg lq wkh frpsxwhul}hg h{shulphqwdo ode
ri wkh Xqlyhuvlw| ri ]xulfk1 Zh xvhg wkh h{shulphqwdo vriwzduh }0Wuhh
ghyhorshg e| Ilvfkedfkhu +4<<<,1 Vxemhfwv zhuh uvw dqg vhfrqg0vhphvwhu
xqghujudgxdwhv iurp ydulrxv hogv +h{fhsw hfrqrplfv,1 Zh frqgxfwhg wzr
h{shulphqwdo vhvvlrqv lq zklfk 77 vxemhfwv sduwlflsdwhg1 Wkhvh vxemhfwv
iruphg d wrwdo ri hohyhq jurxsv ri irxu vxemhfwv1 Vlqfh doo vxemhfwv sod|hg
rqo| rqfh/ doo 77 ghflvlrqv duh lqghshqghqw revhuydwlrqv1 Wr jlyh vxemhfwv dq
lqfhqwlyh wr wdnh wkh h{shulphqw vhulrxvo| zh fkrvh d uhodwlyho| kljk vwdnh
ohyho1 Rq dyhudjh vxemhfwv hduqhg 5:19 Vzlvv Iudqfv +derxw ’ 54,1
8Li zh oliw wkh dvvxpswlrq ri frpprq nqrzohgjh ri udwlrqdolw|/ wkh odwwhu suhglfwlrq
grhv qrw qhfhvvdulo| krog dq|pruh1 Li sod|huv dvvxph wkdw d cirxuwk sod|hu* lv d frq0
glwlrqdo frrshudwru zkr glvsod|v dq sdwwhuq ri lqfuhdvlqj frqwulexwlrqv lq khu vfkhgxoh
wkhq lw pd| eh rswlpdo wr pdnh qrq0}hur xqfrqglwlrqdo frqwulexwlrqv1 Krzhyhu/ iru
wkh suhglfwlrq ri wkh frqglwlrqdo frqwulexwlrq/ rqo| udwlrqdolw| dqg vhovkqhvv lv dvvxphg1
Lq wklv sdshu/ zh duh pdlqo| lqwhuhvwhg lq wkh frqwulexwlrq vfkhgxoh dqg qrw lq wkh xq0
frqglwlrqdo frqwulexwlrq1
9
6 Uhvxowv
Rxu pdlq lqwhuhvw frqfhuqv vxemhfwv* frqwulexwlrq ghflvlrqv lq wkh frqwul0
exwlrq wdeoh/ l1h1/ wkhlu holflwhg zloolqjqhvv wr frqwulexwh jlyhq wkh dyhudjh
frqwulexwlrq ohyho ri rwkhuv1 Iljxuh 4 frqwdlqv rxu pdlq uhvxow1
Dowkrxjk lw zdv frpprq nqrzohgjh wkdw wklv jdph zloo eh sod|hg rqo|
rqfh/ wkh dyhudjh frqwulexwlrq yhfwru lv qrw fkdudfwhul}hg e| frpsohwh iuhh
ulglqj1 Wkh phdq frqwulexwlrq +wkh erog olqh lq jxuh 4, lv fohduo| lqfuhdvlqj
lq wkh dyhudjh frqwulexwlrq ri rwkhu jurxs phpehuv1 Wkxv/ rq dyhudjh/
vxemhfwv glvsod| frqglwlrqdo frrshudwlrq1
Krzhyhu/ dq lqvshfwlrq ri wkh gdwd dw wkh lqglylgxdo ohyho vkrzv wkdw
vxemhfwv duh khwhurjhqrxv1 Iljxuh 5 frqwdlqv wkh lqglylgxdo vfkhgxohv ri doo
77 vxemhfwv1 Edvlfdoo|/ vxemhfwv* frqwulexwlrq ghflvlrqv idoo lqwr wkuhh glvwlqfw
fdwhjrulhv1
ILJXUH 4
ILJXUH 5
Frqglwlrqdo frrshudwlrq1 Wkh frqwulexwlrq vfkhgxohv ri 55 vxemhfwv +l1h1/
83 shufhqw, idoo lqwr wklv fdwhjru|1 Vl{whhq ri wkhp duh erwk lqfuhdvlqj dqg
+zhdno|, prqrwrqlf1 Irxu ri wkhvh vl{whhq vxemhfwv duh shuihfwo| frqglwlrq0
doo| frrshudwlyh/ l1h1/ wkhlu frqwulexwlrq wdeoh lv h{dfwo| rq wkh gldjrqdo1 Lq
rwkhu zrugv/ wkhvh vxemhfwv dozd|v zdqw wr h{dfwo| pdwfk wkh frqwulexwlrqv
ri rwkhuv1 Ilyh frqwulexwlrq vfkhgxohv vkrz dq lqfuhdvlqj wuhqg exw glvsod|
vrphwlphv +voljkw, qhjdwlyh ghyldwlrqv iurp wkh wuhqg1 Wkhvh duh vwudwhjlhv
wkdw duh qrw prqrwrqlf lq d vwulfw vhqvh exw wkh| doo kdyh d kljko| vljqlfdqw
+dw wkh 40shufhqw ohyho, dqg srvlwlyh Vshdupdq udqn fruuhodwlrq frh!flhqw
+ehwzhhq rzq dqg rwkhuv* frqwulexwlrq,1 Lw lv dovr qrwhzruwk| wkdw rqo| 441<
shufhqw ri doo hqwulhv ri wkh frqglwlrqdoo| frrshudwlyh vxemhfwv* frqwulexwlrq
vfkhgxohv duh vwulfwo| deryh wkh gldjrqdo1 Lq rwkhu zrugv/ wkh exon ri doo frq0
:
glwlrqdoo| frrshudwlyh frqwulexwlrq ghflvlrqv olhv dw ru ehorz wkh gldjrqdo1
Prvw vxemhfwv zkr duh frqglwlrqdoo| frrshudwlyh ghyldwh iurp wkh gldjrqdo
lq wkh vhovk gluhfwlrq1 Wkh revhuyhg dyhudjh ehkdylru lq wklv fdwhjru| fdq
wkxv eh vkruwo| ghvfulehg dv frqglwlrqdo frrshudwlrq zlwk d vhoi0vhuylqj
eldv1
Iuhh ulglqj1 Wkluwhhq vxemhfwv +l1h1/ derxw 63 shufhqw, fdq eh fodvvlhg dv
sxuho| vhovk ru dv lqvx!flhqwo| prwlydwhg e| dowuxlvp ru zdup jorz1 Wkh|
doo vxeplwwhg d frqwulexwlrq vfkhgxoh wkdw frqwdlqhg 3 lq doo 54 hqwulhv1
Kxps0vkdshg frqwulexwlrqv1 Vl{ vxemhfwv +ru 47 shufhqw, glvsod|
vxfk d frqwulexwlrq ehkdylru1 Dv fdq eh vhhq iurp wkh jxuh/ wkh| duh 0
rq dyhudjh 0 forvh wr shuihfw frqglwlrqdo frrshudwlrq iru frqwulexwlrq ohyhov
ri xs wr whq wrnhqv ri wkh rwkhu jurxs phpehuv1 Eh|rqg wklv ohyho wkh|
vwhdglo| uhgxfh wkhlu frqwulexwlrqv1
Rwkhu sdwwhuqv1 Rqh vxemhfw zdv zloolqj wr frqwulexwh 4 wrnhq iru doo
frqwulexwlrqv ri rwkhu jurxs phpehuv1 Wkh frqwulexwlrq yhfwruv ri wzr
vxemhfwv gr qrw vkrz d uhdglo| lqwhusuhwdeoh sdwwhuq 0 h{fhsw/ shukdsv/ udq0
grpqhvv19
Uhphpehu wkdw lq rxu ghvljq zh dovr dvnhg vxemhfwv wr pdnh dq xqfrq0
glwlrqdo frqwulexwlrq/ sulpdulo| wr uhqghu wkh frqwulexwlrq vfkhgxohv sd|r0
uhohydqw1 Zh qg wkdw wkh wrwdo dyhudjh ryhu doo 77 xqfrqglwlrqdo ghflvlrqv
lv 91: wrnhqv zklfk fruuhvsrqgv wr 6618 shufhqw ri wkh hqgrzphqw1:
9Iru fodulw|/ wkh| duh qrw vhsdudwho| lqfoxghg lq jxuh 41 Wkh| duh/ krzhyhu/ suhvhqw
lq wkh wrwdo dyhudjh ryhu doo vxemhfwv1
:D euhdngrzq ri wkh xqfrqglwlrqdo frqwulexwlrq pdgh e| wkh w|shv vxppdul}hg lq
jxuh 4 vkrzv wkdw wkh xqfrqglwlrqdo frqwulexwlrqv duh odujho| frqvlvwhqw zlwk wkh revhu0
ydwlrqv ri jxuh 41 Vshflfdoo|/ wkh phdq +zlwk vwdqgdug ghyldwlrqv lq sduhqwkhvhv, ri
wkh xqfrqglwlrqdo frqwulexwlrqv ri wkh glhuhqw w|shv ri vxemhfwv duh dv iroorzv1 Frqgl0
wlrqdo frrshudwruv= ;17 +916,> iuhh ulghuv= 513 +816,> frqwulexwruv zlwk ckxps0vkdshg*
vfkhgxohv= <13 +81<,> dqg rwkhu sdwwhuqv= 451: +813,1
;
7 Frqfoxglqj Glvfxvvlrq= Wkh Ghfolqh ri Frrshudwlrq
Rxu uhvxowv doorz iru d qhz/ whqwdwlyh/ lqwhusuhwdwlrq zk| zh revhuyh ghfolq0
lqj frqwulexwlrqv lq doprvw doo sxeolf jrrgv h{shulphqwv1 Wkh nh| lv jlyhq
lq jxuh 41 Iluvw/ d qrq0qhjoljleoh iudfwlrq ri vxemhfwv iuhh ulghv uhjdugohvv ri
rwkhuv* frqwulexwlrq1 Vhfrqg/ hyhq wkrvh zkr duh frqglwlrqdoo| frrshudwlyh
glvsod| d eldv lq wkh vhoi0vhuylqj gluhfwlrq lq wkdw wkh| frqwulexwh ohvv wkdq
wkh rwkhuv gr rq dyhudjh1; Xqghu wkh dvvxpswlrq wkdw wkh holflwhg suhihu0
hqfhv duh vwdeoh +l1h1/ wkh dvvxpswlrq wkdw wkhvh vfkhgxohv gr qrw fkdqjh zlwk
h{shulhqfh,< frqwulexwlrqv lq uhshdwhg lqwhudfwlrqv duh h{shfwhg wr vsludo
grzqzdugv ryhu wlph1 Vlqfh vxemhfwv uhdfw rq dyhudjh frqglwlrqdoo| fr0
rshudwlyho| rq rwkhu vxemhfwv* frqwulexwlrqv +exw zlwk eldv lq wkh vhovk
gluhfwlrq, srvlwlyh/ exw ghwhulrudwlqj frqwulexwlrqv wr wkh sxeolf jrrg duh
revhuyhg1 Wkh vshhg ri frqyhujhqfh ghshqgv rq wkh dfwxdo frpsrvlwlrq ri
wkh jurxs1 Srvlwlyh dqg vwdeoh frqwulexwlrqv wr wkh sxeolf jrrg duh yhu|
xqolnho|1 Sxw glhuhqwo|/ ghvslwh d pdmrulw| ri frqglwlrqdo frrshudwruv/ iuhh
ulglqj zloo eh shuydvlyh xqghu frqglwlrqv ri dqrq|prxv lqwhudfwlrqv1
Dfnqrzohgjphqwv1 Wklv sdshu lv sduw ri wkh HX0WPU Uhvhdufk Qhwzrun
HQGHDU +IPU[0FW<;0356;,1 Vxssruw iurp wkh Vzlvv Qdwlrqdo Vflhqfh
Irxqgdwlrq xqghu wkh surmhfw qr1 454703843331<: dqg iurp wkh PdfDuwkxu
Irxqgdwlrq Qhwzrun rq Hfrqrplf Hqylurqphqwv dqg wkh Hyroxwlrq ri Lq0
glylgxdo Suhihuhqfhv dqg Vrfldo Qrupv lv dovr judwhixoo| dfnqrzohgjhg1 Zh
wkdqn Duplq Idon/ Fodxgld Nhvhu/ D{ho Rfnhqihov/ Duwkxu Vfkudp dqg vhp0
lqdu sduwlflsdqwv dw wkh Xqlyhuvlw| ri Dpvwhugdp/ wkh JHZ zrunvkrs lq
Phlvvhq dqg wkh Hxurshdq Hfrqrplf Dvvrfldwlrq Phhwlqj lq Vdqwldjr gh
;Rfnhqihov +4<<<,/ lq d frpsdudeoh ghvljq/ jhwv uhvxowv vlplodu wr rxuv1
<Wr whvw wklv vwdelolw|/ zh dvnhg wkh vxemhfwv lq d srvw0h{shulphqwdo txhvwlrqqdluh djdlq
wr oo rxw d k|srwkhwlfdo frqwulexwlrq wdeoh1 Lw wxuqhg rxw wkdw wkh uhvxowv duh doprvw
lghqwlfdo wr wkh vfkhgxohv vxeplwwhg lq wkh dfwxdo h{shulphqw1
<
Frpsrvwhod iru wkhlu khosixo frpphqwv1
Uhihuhqfhv
^4‘Dqghuvrq/ Vlprq S1> Jrhuhh/ Mdfre N1 dqg Krow/ Fkduohv1 D
wkhruhwlfdo dqdo|vlv ri dowuxlvp dqg ghflvlrq huuru lq sxeolf jrrgv jdphv1
Mrxuqdo ri Sxeolf Hfrqrplfv/ 4<<;/ :3/ 1ss1 5<:06561
^5‘Dqguhrql/ Mdphv1 Frrshudwlrq lq Sxeolf0Jrrgv H{shulphqwv= Nlqg0
qhvv ru FrqixvlrqB Dphulfdq Hfrqrplf Uhylhz/ Vhswhpehu 4<<8/
;8 +7,/ ss1 ;<40<371
^6‘Eudqgwv/ Mrugl dqg Vfkudp/ Duwkxu1 Frrshudwlrq dqg Qrlvh lq
Sxeolf Jrrgv H{shulphqwv= Dsso|lqj wkh Frqwulexwlrq Ixqfwlrq Ds0
surdfk1 Mrxuqdo ri Sxeolf Hfrqrplfv/ iruwkfrplqj1
^7‘Furvrq/ Udfkho1 Wkhrulhv ri Dowuxlvp dqg Uhflsurflw|= Hylghqfh iurp
Olqhdu Sxeolf Jrrgv Jdphv1 Plphr Xqlyhuvlw| ri Shqqv|oydqld/ 4<<;1
^8‘Ilvfkedfkhu/ Xuv }0Wuhh1 ]xulfk Wrroer{ iru Uhdg|pdgh Hfrqrplf
H{shulphqwv1 Zrunlqj Sdshu Qr1 54/ Xqlyhuvlw| ri ]xulfk/ 4<<<1
^9‘Nhvhu/ Fodxgld dqg ydq Zlqghq/ Iudqv1 Frqglwlrqdo Frrshudwlrq
dqg Yroxqwdu| Frqwulexwlrqv wr Sxeolf Jrrgv1 Vfdqglqdyldq Mrxuqdo ri
Hfrqrplfv/ 435+4,/ 5333/ ss1 5606<1
^:‘Ohg|dug/ Mrkq1 Sxeolf Jrrgv= D Vxuyh| ri H{shulphqwdo Uhvhdufk1
Lq= M1 Ndjho dqg D1 Urwk +hgv1,= Kdqgerrn ri H{shulphqwdo Hfrqrplfv1
Sulqfhwrq= Sulqfhwrq Xqlyhuvlw| Suhvv 4<<81
^;‘Rfnhqihov/ D{ho1 Idluqhvv/ Uh}lsur}lwçw xqg Hljhqqxw} 0 ønrqrplvfkh
Wkhrulh xqg h{shulphqwhooh Hylghq}1 Glh Hlqkhlw ghu Jhvhoovfkdiwvzlv0
vhqvfkdiwhq/ Eg1 43;/ W elqjhq= Prku Vlhehfn/ 4<<<1
43
^<‘Sdoiuh|/ Wkrpdv U1 dqg Sulveuh|/ Mhuh| H1 Dqrpdorxv Ehkdy0
lru lq Sxeolf Jrrgv H{shulphqwv= Krz Pxfk dqg Zk| Dphulfdq Hfr0
qrplf Uhylhz/ Ghfhpehu 4<<:/ ;: +8,/ ss1 ;5<0;791
^43‘Vhowhq/ Uhlqkdug1 Glh Vwudwhjlhphwkrgh }xu Huiruvfkxqj ghv
hlqjhvfkuçqnw udwlrqdohq Yhukdowhqv lp Udkphq hlqhv Roljrsroh{0
shulphqwhv1 Lq= K1 Vdxhupdqq +hg1,/ Ehlwuçjh }xu h{shulphqwhoohq
Zluwvfkdiwviruvfkxqj/ 469049;/ W elqjhq= M1F1E1 Prku +Sdxo Vlhehfn,1
^44‘Vrqqhpdqv/ Mrhs> Vfkudp/ Duwkxu/ Rhupdq/ Wkhr1 Vwudwhjlf
ehkdylru lq sxeolf jrrg jdphv= zkhq sduwqhuv guliw dsduw/ Hfrqrplfv
Ohwwhuv 95/ 4<<</ ss1 680741
^45‘Vxjghq/ Urehuw1 Uhflsurflw|= Wkh vxsso| ri sxeolf jrrgv wkurxjk
yroxqwdu| frqwulexwlrqv1 Hfrqrplf Mrxuqdo <7/ 4<;7/ ss1 ::50:;:1
44
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Contribution schedules per subject
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Note:  Subjects were classified as follows: Free-riders: Subjects no. 1, 4, 16, 17, 20, 21, 23, 25, 31, 33, 35, 37, 41; 
Conditional Cooperators (Spearman’s ρ > 0 at p-value < 0.001): Subjects no. 3, 6, 7, 8, 9, 10, 11, 12, 13, 18, 19, 22, 24, 28, 30, 32, 34, 36, 38, 39, 
42, 43; 
“Hump-Shaped”: Subjects no. 5, 15, 26, 27, 29, 40; 
Other patterns: Subjects no. 2 (unconditional cooperation of 1 token), 14, 44 (random patterns). 
Figure 2:
 The contribution schedules of all subjects 
H{shulphqwdo Lqvwuxfwlrqv +ruljlqdoo| lq Jhupdq,
\rx duh qrz wdnlqj sduw lq dq hfrqrplf h{shulphqw zklfk kdv ehhq qdqfhg e|
ydulrxv irxqgdwlrqv iru uhvhdufk surprwlrq1 Li |rx uhdg wkh iroorzlqj lqvwuxfwlrqv fduh0
ixoo|/ |rx fdq/ ghshqglqj rq |rxu ghflvlrqv/ hduq d frqvlghudeoh dprxqw ri prqh|1 Lw lv
wkhuhiruh yhu| lpsruwdqw wkdw |rx uhdg wkhvh lqvwuxfwlrqv zlwk fduh1
Wkh lqvwuxfwlrqv zklfk zh kdyh glvwulexwhg wr |rx/ duh vroho| iru |rxu sulydwh lq0
irupdwlrq1 Lw lv surklelwhg wr frppxqlfdwh zlwk wkh rwkhu sduwlflsdqwv gxulqj wkh
h{shulphqw1 Vkrxog |rx kdyh dq| txhvwlrqv sohdvh dvn xv1 Li |rx ylrodwh wklv uxoh/ zh
vkdoo kdyh wr h{foxgh |rx iurp wkh h{shulphqw dqg iurp doo sd|phqwv1
Gxulqj wkh h{shulphqw zh zloo qrw vshdn ri Iudqfv exw udwkhu ri srlqwv1 Gxulqj
wkh h{shulphqw |rxu hqwluh hduqlqjv zloo eh fdofxodwhg lq srlqwv1 Dw wkh hqg ri wkh
h{shulphqw wkh wrwdo dprxqw ri srlqwv |rx kdyh hduqhg zloo eh frqyhuwhg wr Iudqfv dw
wkh iroorzlqj udwh=
4 srlqw @ 68 Udsshq
Doo sduwlflsdqwv zloo eh glylghg lq jurxsv ri irxu phpehuv1 H{fhsw xv/ wkh h{shul0
phqwhuv/ qrerg| nqrzv zkr lv lq zklfk jurxs1
Wkh ghflvlrq vlwxdwlrq
\rx zloo ohduq odwhu rq krz wkh h{shulphqw zloo eh frqgxfwhg1 Zh uvw lqwurgxfh
|rx wr wkh edvlf ghflvlrq vlwxdwlrq1 Dw wkh hqg ri wkh ghvfulswlrq ri wkh ghflvlrq |rx zloo
qg frqwuro txhvwlrqv wkdw khos |rx wr jdlq dq xqghuvwdqglqj ri wkh ghflvlrq vlwxdwlrq1
\rx zloo eh d phpehu ri d jurxs ri 7 shrsoh1 Hdfk phpehu kdv wr ghflgh rq wkh
glylvlrq ri 53 wrnhqv1 \rx fdq sxw wkhvh 53 wrnhqv rq d sulydwh dffrxqw ru |rx fdq
lqyhvw wkhp ixoo| ru sduwldoo| lqwr d surmhfw1 Hdfk wrnhq |rx gr qrw lqyhvw lqwr wkh
surmhfw zloo dxwrpdwlfdoo| eh wudqvihuuhg wr |rxu sulydwh dffrxqw1
\rxu lqfrph iurp wkh sulydwh dffrxqw=
Iru hdfk wrnhq |rx sxw rq |rxu sulydwh dffrxqw |rx zloo hduq h{dfwo| rqh srlqw1
Iru h{dpsoh/ li |rx sxw wzhqw| wrnhqv rq |rxu sulydwh dffrxqw +zklfk lpsolhv wkdw |rx
gr qrw lqyhvw dq|wklqj lqwr wkh surmhfw, |rx zloo hduq h{dfwo| wzhqw| wrnhqv iurp wkh
sulydwh dffrxqw1 Li |rx sxw 9 wrnhqv lqwr wkh sulydwh dffrxqw/ |rx zloo uhfhlyh dq lqfrph
ri 9 wrnhqv iurp wkh sulydwh dffrxqw1 Qrerg| h{fhsw |rx hduqv vrphwklqj iurp |rxu
sulydwh dffrxqw1
\rxu lqfrph iurp wkh surmhfw
Iurp wkh wrnhq dprxqw |rx lqyhvw lqwr wkh surmhfw hdfk jurxs phpehu zloo jhw
wkh vdph sd|r1 Ri frxuvh/ |rx zloo dovr jhw d sd|r iurp wkh wrnhqv wkh rwkhu jurxs
phpehuv lqyhvw lqwr wkh surmhfw1 Iru hdfk jurxs phpehu wkh lqfrph iurp wkh surmhfw
zloo eh ghwhuplqhg dv iroorzv=
Lqfrph iurp wkh surmhfw @ vxp ri frqwulexwlrqv wr wkh surmhfw fe
Iru h{dpsoh/ li wkh vxp ri doo frqwulexwlrqv wr wkh surmhfw lv 93 wrnhqv/ wkhq |rx
dqg doo rwkhu jurxs phpehuv zloo jhw d sd|r ri Sf e ’ 2e srlqwv iurp wkh surmhfw1
Li wkh irxu jurxs phpehuv wrjhwkhu frqwulexwh 43 wrnhqv wr wkh surmhfw/ |rx dqg doo
rwkhuv zloo jhw d sd|r ri f e ’ e srlqwv iurp wkh surmhfw1
\rxu wrwdo lqfrph
\rxu wrwdo lqfrph uhvxowv iurp wkh vxppdwlrq ri |rxu lqfrph iurp wkh sulydwh
dffrxqw dqg |rxu lqfrph iurp wkh surmhfw1
Lqfrph iurp wkh sulydwh dffrxqw +@ 53 0 frqwulexwlrq wr wkh surmhfw, . Lqfrph iurp
wkh surmhfw +@ 17Vxp ri frqwulexwlrqv wr wkh surmhfw, @ wrwdo lqfrph1
Frqwuro txhvwlrqv
Sohdvh dqvzhu wkh iroorzlqj frqwuro txhvwlrqv1 Wkhlu sxusrvh lv wr pdnh |rx idploldu
zlwk wkh fdofxodwlrq ri lqfrphv wkdw dffuxh iurp glhuhqw ghflvlrqv derxw wkh doorfdwlrq
ri 53 wrnhqv1
41 Hdfk jurxs phpehu kdv 53 wrnhqv dw klv ru khu glvsrvdo1 Dvvxph wkdw qrqh ri
wkh irxu jurxs phpehuv +lqfoxglqj |rx, frqwulexwhv dq|wklqj wr wkh surmhfw1 Zkdw zloo
|rxu wrwdo lqfrph ehB Zkdw lv wkh wrwdo lqfrph ri wkh rwkhu jurxs phpehuvB
51 Hdfk jurxs phpehu kdv 53 wrnhqv dw klv ru khu glvsrvdo1 Dvvxph wkdw |rx lqyhvw
53 wrnhqv lqwr wkh surmhfw dqg hdfk ri wkh rwkhu jurxs phpehuv dovr lqyhvwv 53 wrnhqv1
Zkdw zloo eh |rxu wrwdo lqfrphB Zkdw lv wkh wrwdo lqfrph ri wkh rwkhu jurxs phpehuvB
61 Hdfk jurxs phpehu kdv 53 wrnhqv dw klv ru khu glvsrvdo1 Dvvxph wkdw wkh rwkhu
wkuhh jurxs phpehuv wrjhwkhu frqwulexwh 63 wrnhqv wr wkh surmhfw1
Zkdw lv |rxu wrwdo lqfrph li |rx 0 lq dgglwlrq wr wkh 63 wrnhqv 0 frqwulexwh 3 wrnhqv
wr wkh surmhfwB
5
Zkdw lv |rxu lqfrph li |rx 0 lq dgglwlrq wr wkh 63 wrnhqv 0 frqwulexwh ; wrnhqv wr
wkh surmhfwB
Zkdw lv |rxu lqfrph li |rx 0 lq dgglwlrq wr wkh 63 wrnhqv 0 frqwulexwh 48 wrnhqv wr
wkh surmhfwB
71 Hdfk jurxs phpehu kdv 53 wrnhqv dw klv ru khu glvsrvdo1 Dvvxph wkdw |rx lqyhvw
; wrnhqv wr wkh surmhfw1
Zkdw lv |rxu wrwdo lqfrph li wkh rwkhu jurxs phpehuv 0 lq dgglwlrq wr |rxu ; wrnhqv
0 wrjhwkhu frqwulexwh : wrnhqv wr wkh surmhfwB
Zkdw lv |rxu wrwdo lqfrph li wkh rwkhu jurxs phpehuv 0 lq dgglwlrq wr |rxu ; wrnhqv
0 wrjhwkhu frqwulexwh 45 wrnhqv wr wkh surmhfwB
Zkdw lv |rxu lqfrph li wkh rwkhu jurxs phpehuv 0 lq dgglwlrq wr |rxu ; wrnhqv0
frqwulexwh 55 wrnhqv wr wkh surmhfwB
Li |rx qlvk wkhvh txhvwlrqv ehiruh wkh rwkhuv/ zh dgylvh |rx wr wklqn derxw dggl0
wlrqdo h{dpsohv wr ixuwkhu idploldul}h |rxuvhoi zlwk wkh ghflvlrq vlwxdwlrq1
Wkh H{shulphqw
Wkh h{shulphqw frqwdlqv wkh ghflvlrq vlwxdwlrq wkdw zh kdyh mxvw ghvfulehg wr |rx1
Dw wkh hqg ri wkh h{shulphqw |rx zloo jhw sdlg dffruglqj wr wkh ghflvlrqv |rx pdnh lq
wklv h{shulphqw1 Wkh h{shulphqw zloo rqo| eh frqgxfwhg rqfh1
Dv |rx nqrz |rx zloo kdyh 53 wrnhqv dw |rxu glvsrvdo1 \rx fdq sxw wkhp lqwr d
sulydwh dffrxqw ru |rx fdq lqyhvw wkhp lqwr d surmhfw1 Lq wklv h{shulphqw hdfk vxemhfw
kdv wr pdnh wzr w|shv ri ghflvlrqv1 Lq wkh iroorzlqj zh zloo fdoo wkhp xqfrqglwlrqdo
frqwulexwlrq dqg frqwulexwlrq wdeoh1
 Zlwk wkh xqfrqglwlrqdo frqwulexwlrq wr wkh surmhfw |rx kdyh wr ghflgh krz pdq|
ri wkh 53 wrnhqv |rx zdqw wr lqyhvw lqwr wkh surmhfw1 \rx zloo hqwhu wklv dprxqw
lqwr wkh iroorzlqj frpsxwhu vfuhhq=
6
 Diwhu |rx kdyh ghwhuplqhg |rxu xqfrqglwlrqdo frqwulexwlrq |rx suhvv wkh RN0
exwwrq1
 \rxu vhfrqg wdvn lv wr oo rxw d frqwulexwlrq wdeoh1 Lq wkh frqwulexwlrq wdeoh
|rx kdyh wr lqglfdwh iru hdfk srvvleoh dyhudjh frqwulexwlrq ri wkh rwkhu jurxs
phpehuv +urxqghg wr wkh qh{w lqwhjhu, krz pdq| wrnhqv |rx zdqw wr frqwulexwh
wr wkh surmhfw1 \rx fdq frqglwlrq |rxu frqwulexwlrq rq wkh frqwulexwlrq ri wkh
rwkhu jurxs phpehuv1 Wklv zloo eh lpphgldwho| fohdu wr |rx li |rx wdnh d orrn
dw wkh iroorzlqj vfuhhq1 Wklv vfuhhq zloo vkrz xs lpphgldwho| diwhu |rx kdyh
ghwhuplqhg |rxu xqfrqglwlrqdo frqwulexwlrq1
7
Wkh qxpehuv qh{w wr wkh lqsxw er{hv duh wkh srvvleoh +urxqghg, dyhudjh frqwul0
exwlrqv ri wkh rwkhu jurxs phpehuv wr wkh surmhfw1 \rx vlpso| kdyh wr lqvhuw lqwr
hdfk lqsxw er{ krz pdq| wrnhqv |rx zloo frqwulexwh wr wkh surmhfw 0 frqglwlrqdo rq wkh
lqglfdwhg dyhudjh frqwulexwlrq1 \rx kdyh wr pdnh dq hqwu| lqwr hdfk lqsxw er{1 Iru
h{dpsoh/ |rx zloo kdyh wr lqglfdwh krz pxfk |rx frqwulexwh wr wkh surmhfw li wkh rwkhuv
frqwulexwh 3 wrnhqv wr wkh surmhfw/ krz pxfk |rx frqwulexwh li wkh rwkhuv frqwulexwh 4/
5/ ru 6 wrnhqv hwf1 Lq hdfk lqsxw er{ |rx fdq lqvhuw doo lqwhjhu qxpehuv iurp 3 wr 531
Li |rx kdyh pdgh dq hqwu| lq hdfk lqsxw er{/ suhvv wkh RN0exwwrq1
Diwhu doo sduwlflsdqwv ri wkh h{shulphqw kdyh pdgh dq xqfrqglwlrqdo frqwulexwlrq
dqg kdyh oohg rxw wkhlu frqwulexwlrq wdeoh/ lq hdfk jurxs d udqgrp phfkdqlvp zloo
vhohfw d jurxs phpehu1 Iru wkh udqgrpo| ghwhuplqhg vxemhfw rqo| wkh frqwulexwlrq
wdeoh zloo eh wkh sd|r0uhohydqw ghflvlrq1 Iru wkh rwkhu wkuhh jurxs phpehuv wkdw duh
qrw vhohfwhg e| wkh udqgrp phfkdqlvp/ rqo| wkh xqfrqglwlrqdo frqwulexwlrq zloo eh wkh
sd|r0uhohydqw ghflvlrq1 Zkhq |rx pdnh |rxu xqfrqglwlrqdo frqwulexwlrq dqg zkhq |rx
oo rxw wkh frqwulexwlrq wdeoh |rx ri frxuvh gr qrw nqrz zkhwkhu |rx zloo eh vhohfwhg e|
wkh udqgrp phfkdqlvp1 \rx zloo wkhuhiruh kdyh wr wklqn fduhixoo| derxw erwk w|shv ri
ghflvlrqv ehfdxvh erwk fdq ehfrph uhohydqw iru |rx1 Wzr h{dpsohv vkrxog pdnh wkdw
fohdu1
 H[DPSOH 4= Dvvxph wkdw |rx kdyh ehhq vhohfwhg e| wkh udqgrp phfk0
dqlvp1 Wklv lpsolhv wkdw |rxu uhohydqw ghflvlrq zloo eh |rxu frqwulexwlrq
wdeoh1 Iru wkh rwkhu wkuhh jurxs phpehuv wkh xqfrqglwlrqdo frqwulexwlrq lv
wkh uhohydqw ghflvlrq1 Dvvxph wkh| kdyh pdgh xqfrqglwlrqdo frqwulexwlrqv
ri 3/ 5/ dqg 7 wrnhqv1 Wkh dyhudjh frqwulexwlrq ri wkhvh wkuhh jurxs php0
ehuv/ wkhuhiruh/ lv 5 wrnhqv1 Li |rx kdyh lqglfdwhg lq |rxu frqwulexwlrq wdeoh
wkdw |rx zloo frqwulexwh 4 wrnhq li wkh rwkhuv frqwulexwh 5 wrnhqv rq dyhudjh/
wkhq wkh wrwdo frqwulexwlrq wr wkh surmhfw lv jlyhq e| fn2nen ’ . wrnhqv1
Doo jurxs phpehuv/ wkhuhiruh/ hduq e  . ’ 2H srlqwv iurp wkh surmhfw
soxv wkhlu uhvshfwlyh lqfrph iurp wkh sulydwh dffrxqw1 Li |rx kdyh lqvwhdg
lqglfdwhg lq |rxu frqwulexwlrq wdeoh wkdw |rx zloo frqwulexwh 4< wrnhqv li wkh
rwkhuv frqwulexwh wzr wrnhqv rq dyhudjh/ wkhq wkh wrwdo frqwulexwlrq ri wkh
jurxs wr wkh surmhfw lv jlyhq e| f n 2 n e n b ’ 2D1 Doo jurxs phpehuv
wkhuhiruh hduq e  2D ’ f srlqwv iurp wkh surmhfw soxv wkhlu uhvshfwlyh
lqfrph iurp wkh sulydwh dffrxqw1
 H[DPSOH 5= Dvvxph wkdw |rx kdyh qrw ehhq vhohfwhg e| wkh udqgrp
phfkdqlvp zklfk lpsolhv wkdw iru |rx dqg wzr rwkhu jurxs phpehuv wkh
xqfrqglwlrqdo frqwulexwlrq lv wdnhq dv wkh sd|r0uhohydqw ghflvlrq1 Dvvxph
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|rxu xqfrqglwlrqdo frqwulexwlrq lv 49 wrnhqv dqg wkrvh ri wkh rwkhu wzr jurxs
phpehuv lv 4; dqg 53 wrnhqv1 Wkh dyhudjh xqfrqglwlrqdo frqwulexwlrq ri
|rx dqg wkh wzr rwkhu jurxs phpehuv/ wkhuhiruh/ lv 4; wrnhqv1 Li wkh jurxs
phpehu zkr kdv ehhq vhohfwhg e| wkh udqgrp phfkdqlvp lqglfdwhv lq khu
frqwulexwlrq wdeoh wkdw vkh zloo frqwulexwh 4 wrnhq li wkh rwkhu wkuhh jurxs
phpehuv frqwulexwh rq dyhudjh 4; wrnhqv/ wkhq wkh wrwdo frqwulexwlrq ri wkh
jurxs wr wkh surmhfw lv jlyhq e| S n H n 2f n  ’ DD wrnhqv1 Doo jurxs
phpehuv zloo wkhuhiruh hduq e DD ’ 22 srlqwv iurp wkh surmhfw soxv wkhlu
uhvshfwlyh lqfrph iurp wkh sulydwh dffrxqw1 Li lqvwhdg wkh udqgrpo| vhohfwhg
jurxs phpehu lqglfdwhv lq khu frqwulexwlrq wdeoh wkdw vkh frqwulexwhv 4< li
wkh rwkhuv frqwulexwh rq dyhudjh 4; wrnhqv/ wkhq wkh wrwdo frqwulexwlrq ri
wkdw jurxs wr wkh surmhfw lv S n H n 2f n b ’ . wrnhqv1 Doo jurxs
phpehuv zloo wkhuhiruh hduq e  . ’ 2b2 srlqwv iurp wkh surmhfw soxv
wkhlu uhvshfwlyh lqfrph iurp wkh sulydwh dffrxqw1
Wkh udqgrp vhohfwlrq ri wkh sduwlflsdqwv zloo eh lpsohphqwhg dv iroorzv1 Hdfk
jurxs phpehu lv dvvljqhg d qxpehu ehwzhhq 4 dqg 71 Dv |rx uhphpehu/ dw wkh yhu|
ehjlqqlqj d sduwlflsdqw/ qdpho| E5/ zdv udqgrpo| vhohfwhg1 Wklv sduwlflsdqw zloo/ diwhu
doo sduwlflsdqwv kdyh pdgh wkhlu xqfrqglwlrqdo frqwulexwlrq dqg kdyh oohg rxw wkhlu
frqwulexwlrq wdeoh/ wkurz d 70vlghg glh1 Wkh qxpehu wkdw vkrzv xs zloo eh hqwhuhg lqwr
wkh frpsxwhu1 Li E5 wkurzv wkh phpehuvkls qxpehu wkdw kdv ehhq dvvljqhg wr |rx/
wkhq iru |rx |rxu frqwulexwlrq wdeoh zloo eh uhohydqw dqg iru wkh rwkhu jurxs phpehuv
wkh xqfrqglwlrqdo frqwulexwlrq zloo eh wkh sd|r0uhohydqw ghflvlrq1 Rwkhuzlvh/ |rxu
xqfrqglwlrqdo frqwulexwlrq lv wkh uhohydqw ghflvlrq1
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